Abstract: Ultrasonic velocities and densities of the binary liquid mixtures of N-ethyl aniline with different toluenes like toluene, o-nitrotoluene and m-nitrotoluene have been measured at temperatures 303.15 and 308.15 K over the entire composition range. Various theories of ultrasonic velocity were applied to experimental values in evaluating the velocities using Nomoto's relation (U NR ), Impedence relation (U IR ), Ideal mixing relation (U IMR ), Jungie's relation (U JR )and Rao's specific velocity relation (U R ). The molecular interaction parameter (χ) has been evaluated from the values of experimental and theoretical velocities. The variation of this interaction parameter with the composition mixture has been discussed in terms of molecular interactions.
Introduction
In recent years measurement of ultrasonic investigations find extensive applications in determining the physicochemical behavior of liquid mixtures [1] [2] [3] [4] [5] . Several researchers [6] [7] [8] [9] carried out ultrasonic investigations and correlated the experimental results of ultrasonic velocity with the theoretical relations of Nomoto 10 , Van Deal and Vangeel ideal mix relations 11 impedance relation 12 Rao's Specific velocity 13 and Junjie 14 and interpreted the results in terms of molecular interactions. Ultrasonic study of liquid mixtures, due to its non destructive nature, has been extensively carried out in different branches of science to measure the thermodynamic properties and to predict the nature of molecular interaction between the molecules in a medium. The ultrasonic sound velocity and the thermodynamic parameters derived from it have been widely used to interpret the interactions between unlike molecules in the binary liquid mixtures.Longeman and Correy 15 discussed sound velocity in a liquid as the sum of bond velocities. Randall 16 has shown a close agreement between the experimental and theoretical values calculated from the adiabatic compressibility measurements. Auslander et al., 
Experimental
Ethlyaniline (Merck India >0.995 purity) was distilled at low pressure and over freshly activated 0.3 nm molecular sieves 24 . Other compounds under study as mentioned above (SD Fine Chemicals, India, with purity >0.995) were purified by methods described in the literature 25 . The purity of the chemicals was verified further by measuring the densities and ultrasonic velocities which are in good agreement with the literature values.
Apparatus and procedure
The ultrasonic velocity of sound (U) was measured using an ultrasonic interferometer (Mittal Enterprises, New Delhi model -F05) operating at 2 MHz. with a precision of 0.8 m.s -1 and an uncertainty less than ±0.1m.s -1 . The temperature stability was maintained within ±0.01K by circulating water bath around the measuring cell through a pump.
The densities, ρ, of pure liquids and their mixtures are determined using a 10 -5 m 3 double-arm pycnometer, and the values from triplicate replication at each temperature are reproducible within 2x10 -1 kg m 3 and the uncertainty in the measurement of density is found to be 2 parts in 10 4 parts. The reproducibility in mole fractions was within ±0.0002.
Theory
Comparison of theoretical values of ultrasonic velocities with those obtained experimentally in binary liquid mixtures is expected to reveal the nature of interaction between component molecules.The measured values of ultrasonic velocity in the binary liquid mixtures were subjected to theoretical prediction and comprehensive theoretical model of prediction has been evaluated. Following are various theories adopted.
Nomotos relation (U NR )
On assuming the additivity of molar sound velocity(R) and no volume change on mixing, Nomoto established the following relation for the ultrasonic velocity of binary liquid mixtures
Where U and ρ are determined experimentally and M is the mean molecular weight in a binary liquid mixture M = ( 
Impedance relation (U IR )
Impedance is the product of ultrasonic velocity (U) and the density (ρ) of a liquid mixture. Hence the impedance relation predicts the ultrasonic velocity of the given mixture by simply using the values of impedance (Z i ) and the density (ρ) values. Impedance relationis given as
Where X i mole fraction, ρ ι is the density of the mixture and Z i is the acoustic impedance
Jungie equation (U J )
The Junjie equation is given as
Where M 1 , M 2 are molecular weights of constituent components. ρ 1 and ρ 2 are the densities of constituent components.
Rao's specific velocity method relation (U R )
Rao's specific velocity method 11 
Where Xi is the mole fraction, U i the ultrasonic velocity and ρ ι the density of the mixture. r i is the Rao's specific sound velocity, which is given by r i = Ui 
Results and Discussion
Amines are derivatives of ammonia, wherein one or more hydrogen atoms have been replaced by a substituent such as an alkyl or aryl group. The aromatic ring decreases the alkalinity of the amine, depending on its substituents, while the presence of an amine group strongly increases the reactivity of the aromatic ring, due to an electron-donating effect. When a methyl group is introduced into the aromatic ring, it causes to change in the π-electron density around the aromatic ring 26 because of positive mesomeric and positive electromeric effects. (+T effect > -I effect). Further, substitution of -NO 2 group at ortho and meta positions of benzene molecule increase the distance of closest approach of the N-ethyl aniline molecule resulting decrease in interaction between component molecules. Toluene is more reactive or activated with respect to benzene. It is a fact that the effect of substituents on a benzene ring have on both the rate and orientation of electrophilic aromatic substitution reactions. These effects are a combination of resonance and inductive effects. The substituent -NO 2 is an electron withdrawing group that removes electron density from the π-system making it less nucleophilic. Besides the electronic effects, influences from steric effects are also to be considered.The effect on the π-electron density due to methyl group is relatively small, which tends to decrease the magnitude of V E .The difference in shapes of molecules with the addition of methyl and -NO 2 groups also leads to different alignments in the liquid mixtures. Further, the electron donor-acceptor interactions tend to decrease with additional functional groups. With this above explanation in understanding the molecular interactions, we further extended our study in testing the validity of various theoretical approaches of ultrasonic velocity for liquids in the aforementioned binary systems by comparing theoretical sound speeds with those experimentally determined in the temperature range 303.15-318.15 K. The experimental values of sound speed for the systems along with theoretical values and percentage deviations for Nomoto's Relation (U NR ), Vandeal Vangael Ideal Mixing Relation (U IMR ), Impedance Relation (U IR ), Rao's specific velocity method (U R ) and Junjie's relation (U J ) are compared for all the five binaries. It is assumed that all the molecules are spherical in shape, which is not true every time. In Nomoto's theory, it is supposed that the volume does not change on mixing. Therefore, no interaction between the components of liquid mixtures has been taken into account. The assumption for the formation of ideal mixing relation is that, the ratio of specific heats of ideal mixtures and the volumes are also equal. Again, no molecular interaction is taken into account. Similarly, as per the assumption for the Collision Factor theory, the molecules are treated as real non-elastic substances, which is not really the case. But on mixing two liquids, the interaction between the molecules of the two liquids takes place because of presence of various types of forces such as dispersion forces, charge transfer, hydrogen bonding, dipoledipole and dipole -induced dipole interactions. Thus, the observed deviation of theoretical values of velocity from the experimental values shows that the molecular interaction is taking place between the unlike molecules in the liquid mixture. It can be seen from Tables 1-3 that the theoretical values of ultrasonic velocity computed by various theories show deviations from experimental values. In general the predictive ability of various ultrasonic theories depends upon the strength of interactions that exist in a binary system. In case of strong interactions existing between the molecules of the mixtures there is much deviation in theoretical prediction of velocity than the molecules of the mixture where less interaction is observed.
Data reveal that the sound speed computed from impedance relation,U imr exhibit more satisfactory agreement with the experimental values in the temperature range 303.15 K-318.15 K than other approaches in the binary systems N-ethyl aniline + toluene. Table 1 show that in the system of N-ethylaniline + toluenethere is good agreement between experimental and theoretical values calculated by impedance and Nomoto relations. Here Nomoto relation provides the best result than theImpedance relation at all the temperatures. However, higher deviations are observed in Rao's specific and slight variations in Junjie's theories. Ethyl aniline+ o-nitro toluene system, as described in Table 2 , there is good agreement between experimental and theoretical values in Nomoto relation followed by impedance relations where as higher deviations are observed in VanDael ideal mixing relation, Rao's specific velocity method and Junjie's relation. Ethyl aniline and mnitro toluene, Ethyl aniline+ o-nitro toluene system, as described in Table 3 showed good agreement between experimental and theoretical values calculated by Rao's specific velocity method and impedance relation. Here Rao's specific velocity method provides the best result than the result of impedance relation at all temperatures. However, higher deviations are observed in Nomoto's relation, Van Dael ideal mixing relation and Junjie's theory. Table 4 shows the U Looking into the behavior of all three binary mixtures, it can be understood that, positive deviation in velocity are attributed to the molecular associations, complex formations, whereas negative deviations indicate molecular dissociations of an associated species by the addition of solvent. In our investigation, all systems showed positive deviations with lower magnitude, indicating weak interactions. The interaction parameter characterizing a system varies with the composition, molar mass and temperature. It is employed to account for the contribution of non-combinatorial entropy of mixing and the enthalpy of mixing to the Gibb's energy of mixing. A positive value of α in all the system clearly indicates the existence of strong tendency for the formation of association in mixture through dipole-dipole interactions higher values of percentage deviation indicates maximum departure of the particular theory from experiment at that particular concentration. In systems studied, we observed that the interaction parameters are having a very low magnitude for all the given mixtures, indicating moderate/ weaker interactions, though hydrogen bonding, which decreases from o-nitro toluene to m-nitro toluene.
The deviations between theoretical and experimental value of ultrasonic velocities decrease with increase of temperature due to breaking of hetero and homo molecular clusters at higher temperatures 27 . On increasing the temperature, the ultrasonic velocity values decrease in the three binary liquid mixtures. This is probably may be due to the fact that the thermal energy activates the molecule, which would increase the rate of association of unlike molecules. On the whole, all the theoretical models fairly predicted ultrasonic velocities, are reasonably close to the experimental values for and the three binary mixtures reported in this work, thus showing the validity of studied theoretical models for binary mixtures. The predictive abilities of various ultrasonic theories discussed above, depend upon the strength interaction prevailing in a system 28 .
Conclusion
The application of various ultrasonic velocity theories have been studied with binary mixtures of N-ethyl aniline with toluene o-nitro toluene and m-nitrotoluene. It may be concluded that out of five theories and relations discussed above the Nomoto's relation, Van Deal ideal mixing relation and Impedance relation provided good results. Thus, the linearity of molar sound velocity and additivity of molar volumes, as suggested by NomotoVan Dael and Vangeel and Impedance relation, in deriving the empirical relations have been truly observed in the studied binary liquid mixtures.
